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INTRODUCTION

The Intermountain Power Service Agency provided Thielsch Engineering with a 21" OD
coal burner tip that had failed in service at their facility in Delta, Utah. Thielsch Engineering
was requested to perform a metallurgical evaluation to determine the cause(s) of the

failure.
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BACKGROUND INFORMATION

The boiler from which this burner was removed has eight pulverizers, each with six burners.
During normal operation, only seven pulverizers are in operation. This boiler is used for
base-line operation. The failed burner tip had been in service for approximately two years,
or approximately 15,000 hours. The maximum intermediate and tip temperatures for this

burner were reported to be 980°F and 1605°F, respectively, during its two years of service.

The burner tip was supplied by Advanced Burner Technologies, it was reported to have
been fabricated from alloy steel produced in accordance with ASTM Specification A-297,
Grade HE covering, "Steel Castings, Iron-Chromium and lron-Chromium-Nickel, Heat
Resistant, for General Application”. The nominal wall thickness of the burner was reported
to be 0.375". Under normal operating conditions, the burner was reported to have a

minimum wear life of 4 years.

LABORATORY EXAMINATION

The burner tip submitted for metallurgical examination is shown in the as-received condition
in Fig. 1. As part of the metallurgical examination of the burner tip, visual examination,
dimensional measurements, chemical analysis and optical microscopy were performed to

determine the failure mode and the overall condition of the burner tip.

Visual Examination

The six burner vanes were arbitrarily labeled 0°, 45°, 135°, 180°, 225° and 335° for ease
of reference. Overall views of the outside diameter surfaces of the burner tip are shown
in Figs. 2 through 4. Visual examination confirmed that there were multiple cracks, both
longitudinal and transverse. Furthermore, the cracking had caused a segment of the burner
vane labeled 180° to be completely detached from the burner. Visual examination also
confirmed that the cracking had initiated at the locations marked 45°, 180° and 335°.
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Close-up views of the inside diameter surfaces of the burner are provided in Figs. 5
through 7. Visual examination of the inside diameter surfaces confirmed that localized

areas of the burner tip had undergone significant erosion wear.

Overall and close-up views of the detached segment are provided in Figs. 8 and 9.
Significant thinning was apparent on this segment. Furthermore, it was apparent that at
least some of the wear had occurred after the fracture. This is confirmed by the wear
observed on the fracture surfaces (Fig. 8) and localized wear observed on the inside

diameter surfaces adjacent to the cracks (Fig. 9).

Visual examination of the fracture surfaces confirmed that the fractures were typical of a

brittle failure mode with no evidence of plastic deformation.

Dimensional Measurements

As part of the laboratory examination, dimensional measurements were performed on this
burner. These dimensional measurements, which were limited to wall thickness
determinations, are provided in Appendix A. The wall thickness values were recorded at
six locations (Nos. 1 through 6), where erosion wear was observed during the visual
examination. Additional wall thickness values were recorded at locations 2" above and 2"

below the observed wear areas.

The results of the dimensional measurements confirmed that the erosion wear observed
was highly localized. The wall thickness values at locations Nos. 1, 2, 3, 4 and 6 ranged
from 0.081" to 0.145", a reduction of 62% to 79% from the reported nominal thickness of
0.375". The wall thickness value recorded at location No. 5 was 0.418", or 11% greater
than the reported nominal thickness. Furthermore, thickness readings recorded 2" above

and 2" below the wear areas did not reveal significant wear.
Wall thickness measurements were also recorded along the fracture edges of the detached
segment (reference Appendix A). The wall thickness values ranged from 0.036" to 0.593",

a variation of -90% and + 58% of the reported nominal wall thickness of the burner,

providing further confirmation of the localized nature of the observed erosion wear. The
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wall thickness values along the fracture also confirmed that the reductions in wall thickness

had not occurred due to plastic deformation.

Chemical Analysis

Segments were removed from the body of the burner and one of the plates welded to the
burner for chemical analysis. The results of the chemical analyses, which are provided
below, were compared fo the chemical composition requirements of the reported specified

material grade:

Element Burner Sample Sample ASTM Specification
Plate No. 1 No. 2 A-297, Grade HE
C 0.24 % 0.58 % 0.47 % 0.20-0.50 %
Mn 0.51 0.56 0.86 2.00, max.
0.01 0.02 0.02 0.04, max.
0.01 0.01 0.01 0.04, max.
Si 1.72 2.62 2.69 2.00, max.
Cr 21.0 28.5 28.7 26.0-30.0
Ni 10.8 6.8 6.9 8.0-11.0
Mo 0.07 0.13 0.19 0.50, max.

The results of the chemical analyses confirmed that the burner had not been produced in
accordance with the chemical composition requirements of ASTM Specification A-297,
Grade HE covering, "Steel Castings, Iron-Chromium and lron-Chromium-Nickel, Heat
Resistant, for General Application". Specifically, the silicon content of the burner was
significantly higher than the maximum allowable value of 2.00%. Furthermore, the nickel
content of the burner was less than the allowable minimum value of 8.0%. The burner plate
also did not conform to the chemical requirements of the specified material grade. Based
on the values obtained, the burner plate conformed to the chemical composition
requirements of ASTM Specification A-297, Grade HF.

Metallurgical Examination
Once the chemical composition of the burner was verified, a subsegment from the detached

segment of the burner was examined by optical microscopy. This examination was
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performed to determine the cause of the failure and to identify the microstructural condition

of the burner.

To facilitate the optical microscopy, the detached burner segment was cross sectioned at
location "A-A". (Reference Fig. 8.) A subsegment was removed at the location of this cross
section. The subsegment was then metallographically prepared. This involved being
mounted in bakelite, surface ground, polished and etched using an etchant solution typically
used to delineate the microstructure of stainless steels. Subsequent to the metallographic
preparation, the subsegment was examined comprehensively at higher magnifications by

optical microscopy.

The subsegment removed at cross section "A-A" through the fracture origin is shown at a
magnification of 1X (one diameter) in Fig. 10. Rockwell B and C hardness determinations
were made at the locations shown. The corresponding Brinell hardness values, provided
in ('), ranged from 304 BHN to 307 BHN in the burner, from 186 BHN to 199 BHN in the
plate, and from 224 BHN to 229 BHN in the weld. The expected Brinell hardness value for
a grade HF casting in the as-cast condition is approximately 200 BHN.

Photomacrographs (magnification 15X) of cross section "A-A" are provided in Fig. 11.
Cross section "A-A" was examined comprehensively at higher magnifications and
representative areas were selected to document conditions observed. These areas,

identified as "A," to "A,,", are indicated on the photomacrographs.

Area "A,", Fig. 12, was located on the plate that was welded to the burner. The micro-

structure consisted of austenite grains, typical for austenitic stainless steel.

Area "A,", Fig. 13, was selected to illustrate the cracking observed on the burner-to-plate
filet weld. The crack progression was transgranular in nature, indicative of fatigue.
Localized recrystallization of the grains at the mating fracture surfaces was observed near
the tip of the crack. This suggests that the two fracture surfaces may have come in contact
with each other, with the subseguent exposure o elevated temperature causing the
observed recrystallization of the grains. The microstructure at area "A," consisted of

austenite grains, with a large amount of carbides at the grain boundaries.
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Area "A,", Fig. 14, illustrates the microstructure of the burner near the plate-to-burner filet
weld. The microstructure in this area was dendritic, consisting of austenite (light matrix)
and ferrite with carbide islands. Casting defects such as porosity, shrinkage voids or hot

tears were not observed.

Areas "A;" through "A.", Figs. 15 through 17, respectively, illustrate the microstructure at
the fracture surfaces. The fracture surfaces at and near the inside diameter of the burner
were smooth and rounded, most likely due to erosion. Some localized cold work was
observed near the outside diameter surfaces. Again the microstructure consisted of
austenite (light matrix) and ferrite with carbide islands. Casting defects such as porosity,

shrinkage voids or hot tears were not observed.

Area"Ag", Fig. 18, illustrates the other fillet weld in cross section "A-A". The microstructure

observed in this area was similar to that at “A,;" and similar comments apply.

Area "A", Fig. 19, illustrates the inside diameter surface of the burner away from the
fracture. The microstructure consisted of austenite (light matrix) and ferrite with carbide
islands. Casting defects such as porosity, shrinkage voids or hot tears were not observed.

Cross section "A-A" was re-etched with a solution of sodium cyanide in an effort to
delineate any possible carbides and/or sigma phase precipitates. The cross section was
examined comprehensively by optical microscopy. Area "A,;", shown in Fig. 20, was

selected to illustrate the observed precipitates (dark areas).

DISCUSSION

Heat resistant iron-chromium-nickel castings are typically specified in applications where
service temperatures exceed 1200°F and may reach temperatures as high as 2400°F.
Some of the materials selection considerations in high temperature applications include
resistance to oxidation, cracking, warping, thermal fatigue and strength at the service
temperature. Iron-chromium-nickel casting alloys typically will contain 18% to 32% Cr and
4% to 22% Ni and include the grades HD, HE and HF. A Specification commonly referred
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to in ordering iron-chromium-nickel castings is the ASTM Specification A-297 covering,
"Steel Castings, Iron-Chromium and lron-Chromium-Nickel, Heat Resistant, for General
Application”. Castings furnished in accordance with this Specification are expected to
conform to the chemical composition requirements provided in Table 1 of the Specification,

a copy of which is provided in Appendix B.

Iron-chromium-nickel alloys are susceptible to considerable hardening which can result in
severe loss of ductility (embrittlement) after prolonged exposure to elevated temperatures.
This embrittlement is caused by carbide precipitation and agglomeration at the grain

boundaries as well as sigma phase precipitation.

The temperature range for sigma phase embrittlement to occur is mostly dependent on the
chemical composition of the alloy and the resultant microstructure. The effect of nickel
content on sigma phase formation is largely due to its ability to stabilize the austenite
against ferrite formation and thus reduce the propensity for sigma formation. Increasing
the nickel content also has the added benefit of increasing the high-temperature strength
of iron-chromium alloys. Additions of silicon have the opposite effect. High silicon content
promotes the formation of ferrite and contributes to the formation of sigma phase. It also
lowers the impact and fatigue properties of iron-chromium-nickel alloys. Because of this,
low nickel iron-chromium-nickel alloys have a maximum allowable silicon content of 2.00%,

while higher nickel alloys have a maximum allowable silicon content of 2.50%.

Once embrittlement has occurred, the ductility of these alloys can be restored somewhat
by heating them uniformly to a temperature of 1800°F to 2000°F, followed by rapid cooling
to below 1000°F to 1200°F.

The visual examination of the failed burner confirmed that the fracture was brittle in nature;
plastic deformation was not observed on any of the fracture surfaces. The brittle nature of
the fracture was further confirmed by optical microscopy. While some cold work was
detected, there was no evidence of plastic deformation. Moreover, optical microscopy
revealed nearly continuous carbide and sigma phase precipitation. The higher hardness

readings recorded on the burner provide additional evidence of embrittlement.
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The results of the chemical analysis confirmed that the burner did not comply with the
chemical composition requirements of the specified grade. Specifically, the silicon content
of the burner was between 2.62% and 2.69%, significantly higher than the maximum
allowable value of 2.00%. Furthermore, the nickel content of the burner was 6.8% to 6.9%,
significantly lower than the allowable minimum value of 8.0% for the specified grade. While
the variance of only the nickel or the silicon content would have made the burner more
susceptible to sigma phase embrittiement, the combination of the two together made this

burner even more susceptible.

While it is believed that erosion may also have played a role in the final failure, there is
evidence to suggest that at least some of the erosion was a result of or occurred after
cracking had already initiated. Furthermore, the erosion observed was not uniform, as was
evidenced by the wall thickness values at areas where the localized erosion was noted
during the visual examination. Moreover, erosion is to be anticipated in coal burner

components and the expected service life should already reflect that fact.

Due to the possibility that the other burners in this boiler may have similar issues, it would

be prudent to perform chemical analyses of those burners during the next outage.

CONCLUSIONS

Thielsch Engineering performed a metallurgical evaluation of a coal burner tip that had
failed in service at the Intermountain Power facility in Delta, Utah. The results of this
evaluation indicate that the failure of the burner tip was due to improper chemical
composition of the casting that caused it to be susceptible to carbide precipitation, sigma
phase embrittlement and cracking when exposed to the operating temperatures (between

980°F and 1505°F). Preferential and localized erosion of the burner tip also contributed to

the failure.
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RECOMMENDATIONS

To ensure that the remaining burners provided by Advanced Burner Technologies were
cast from the specified material grade, their chemical composition should be verified.
Burners with low nickel and high silicon contents should either be removed from service,

or if they have sufficient wall thickness remaining, they may be heat treated to restore their

ductility.

in addition, it is recommended that nondestructive examinations be performed at the next
scheduled outage to identify typical conditions of deterioration within the remaining burners.

These examinations should focus on those locations that typically exhibit the most erosion.
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Fig. 4. Additional views of outside diameter surfaces of burner tip.
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Fig. 8. Overall and close-up views of detached segment.
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Fig. 9. Close-up views of detached segment.
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Fig. 10. Overall view of subsegment
cut at cross section "A-A".
Rockwell B and C hardness
determinations are provided
below. The corresponding
Brinell hardness numbers are
shown in ().

Rockwell C
Hardness Values

1. 32.6 (307)
2. 32.3 (304)
Rockwell B

Hardness Values

88.7 (186)
91.5 (199)
95.8 (224)
96.5 (229)
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Fig. 11. Photomacrographs of cross section "A-A".
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Fig. 12. Microstructure at "A,".
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Fig. 13. Microstructure at "Aj".
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Fig. 14. Microstructure at "A,".
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Fig. 15. Microstructure at "A;".
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Fig. 18. Microstructure at "A".
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FRACTURE WALL THICKNESS
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8.350"
0.348"
0.436"
0.383"
0.414"
6.342"
0.593"
0.295"
0.099"
8.036"
0.183"
g.419"
0.444"
8.355"
0.388"

Thielsch Engineering, Inc.

IP7021219



WALL THICKNESS MEASUREMENTS

LOCATION WEAR AREA 2" ABOVE 2" BELOW
1. 0.081" 0.383" 0.256"
2. 0.112" 0.407" 0.381"
3. 0.090" 0.352" 0.382"
4. 0.111" 0.393" 0.446"
5. 0.418" 0.435" 0.410"
6. 0.145" 0.327" 0.294"
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Designation: A 287/A 297M - 97 {Reapproved 1988}

AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshochocken, PA 19426
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Specification for

Steel Castings, Iron-Chromium and Iron-Chromium-Nickel,
Heat Resistant, for General Application’

This standard is issued under the fixed designation A 297/A 297M,; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon () indicates an editorfal change since the last revision or reapproval.

1. Scope

1.1 This specification covers iron-chromium and iron-
chromium-nickel alloy castings for heat-resistant service. The
grades covered by this specification are general purpose alloys
and no attempt has been made to include heat-resisting alloys
used for special production application,

Note 1-—For heat-resisting alloys used for special product application,
reference should be made to SpecificationA 351/A 351M, A 217/A 217M,
and A 447/A 447M.

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
ST units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system must
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

2. Referenced Documents

2.1 ASTM Standards:

A 217/A21V7M Specification: for Steel Castings, Martensitic
Stainless and Alloy, for Pressure-Containing Parts, Suit-
able for High-Temperature Service®

A 351/A351M Specificatior: for Castings, Austenitic, Aus-
tenitic-Ferritic (Duplex), for Pressure-Containing Parts®

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products®

A 447/A447TM Specification for Steel Castings, Chromium-~
Nickel-Iron Alloy (25-12 Class), for High-Temperature
Service?

A TEV/ATBIM Specification for Castings, Steel and Alloy,
Common Requirements, for General Industrial Use?

3, General Conditions for Delivery

3.1 Material furnished to this specification shall conform to
the requirements of Specification A 781/A 781M, including
any supplementary requirements that are indicated in the
purchase order. Failure to comply with the general require-

! This specification is under the jurisciction of ASTM Committes A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommitiee
AO01.18 on Castings.

Current edition approved Nov. 10, 1997, Published October 1998, QOriginally
published as A 297 - 46 T. Last previous edition A 297/A 297M - 89,

* Annual Book of ASTM Standards, Vol 01.02,

* Annual Book of ASTM Standards, Vol 01.03.

ments of Specification A 781/A 781M constitutes nonconfor-
mance with this specification. In case of conflict between the
requirements of this specification and Specification A 781/
A 781M, this specification shall prevail.

4. Ordering Information

4.1 The inquiry and order should include or indicate the
following:

4.1.1 A description of the casting by pattern number or
drawing (dimensional tolerances shall be included on the
casting drawing},

4.1.2 Grade of steel,

4.1.3 Options in the specification, and

4.1.4 The supplementary requirements desired including the
standards of acceptance.

8, Process

5.1 Alloys shall be made by the following processes:
electric-are, electric-induction, or other approved processes.

6. Heat Treatment

6.1 Castings for heat-resistant service may be shipped in the
ag-cast condition without heat treatment. If heat treatment is
required, the treatment shall be established by mutual agree-
ment between the manufacturer and the purchaser and shall be
so specified in the inquiry, contract, or order.

7. Chemical Composition

7.1 Alloys shall conform to the requirements as to chemical
composition prescribed in Table 1.

8. Repair by Welding

8.1 The composition of the deposited weld metal shall be
similar to the composition of the casting. All weld repairs shall
be subjected to the same Inspection standards as the casting.

8.2 Castings with major weld repairs shall be heat treated in
accordance with Section 6.

8.3 Weld repairs shall be considered major when the depth
of the cavity after preparation for repair exceeds 20 % of the
actual wall thickness, or 1 in. [25 mm], whichever is smaller,
or when the extent of the cavity exceeds approximately 10
in.2[65 em?).

8.3.1 When Supplementary Requirement 87 is specified on
the purchase order, or inquiry, major weld repairs shall be
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{ib A 297/A 207M

TABLE 1 Chemical Requlrements

Composition, %

Grade T o

ype Carbon Manr?g;ese, S:E;'oao;n. Pho;p::ms, S;ig(r, Chromium Nicka! Mol;;nbgifum,
HF 19 Chromium, 9 Nickel 0.20-0.40 2.00 2.00 0.04 0.04 18.0-23.0 8.0-12.0 0.50
HH 258 Chromium, 12 Nickel (.20~00.50 2.00 2.00 0.04 0.04 24,0-28.0 11.0-14.0 0.50
Hi 28 Chromium, 15 Nickel 0.20--0.50 2.00 2.00 0.04 0.04 28.0--30.0 14.0-18.0 0.50
HK 25 Chromium, 20 Nickel 0.20-0.60 2.00 2.00 0.04 0.04 24.0-28.0 18.0-22.0 .50
HE 29 Chromium, & Nickel 0.20-0.50 2.00 2.00 0.04 0.04 26.0-30.0 8.0-11.0 .50
HT 15 Chromium, 35 Nickel 0.35-0.75 2.00 2.50 0.04 0.04 15.0-19.0 33.0-37.0 0.50
HU 18 Chromium, 39 Nickel 0.35-0.75 2.00 2.50 0.04 0.04 17.0-21.0 37.0-41.0 0.80
HW 12 Chromium, 60 Nickel 0.35-0.75 2.00 2.50 Q.04 .04 10.0-14.0 58.0-62.0 0.80
HX 17 Chromium, 86 Nicke! 0.358-0.76 2.00 2.50 0.04 0.04 15.0-10.0 64,0-68.0 0.50
HC 28 Chromium 0.50 max 1,00 2.00 0.04 .04 26,0-30.0 4.00 max 0.50
HD 28 Chromium, 5 Nicks! 0.50 max 1.50 2.00 0.04 0.04 26.0~30.0 4.0-7.0 0.50
HL 28 Chromium, 20 Nickel 0.20-0.60 2.00 2.00 0.04 0.04 28.0-32.0 18.0-22.0 0.50
HN 20 Chromium, 25 Nicke! 0.20--0.50 2.00 200 0.04 0.04 19.0-23.0 23,0~27.0 0.50
HF 26 Chromium, 35 Nickel 0.35-0.75 2.00 250 0.04 0.04 24-28 33-37 0.50

ACastings having & speciflied molybdenum range agreed upon by the manufacturer and the purchaser may also be furnished under these specifications.

subject to the prior approval of the purchaser.
8.4 All other weld repairs shall be considered minor and

may be made at the discretion of the manufacturer without
prior approval of the purchaser.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall not apply unless specified in the purchase order. A
list of standardized supplementary requirements for use at the option of the purchaser is included in
Specification A 781/A 781M. Those which are ordinarily considered suitable for use with this
specification are given below. Others epumerated in A 781/A 781M may be used with this
specification upon agreement between the manufacturer and purchaser,

§1. Maguetic Particle Examination

52. Radiographic Examination

$3. Liquid Penetrant Examination

$4. Ultrasonic Examination

$5. Examination of Weld Preparation

86. Certification

§87. Prior Approval of Major Weld Repairs
§8. Marking

59. Tension Test

$9.1 One tension test shall be made from material repre-
senting each heat. The bar from which the test specimen is
taken shall be heat treated in production furnaces to the same
procedure as the castings it represents. The results shall
conform to the requirements specified in Table 89.1.

89.2 Test bars shall be poured in separately cast keel blocks
similar to Fig. 3 of Test Methods and Definitions A 370
of Fig.1 of Specification A 447/A 447M.

89.3 Tension test specimens may be cut from heat-treated
castings; or from as-cast castings if no heat treatment is
specified for the castings, instead of from test bars when agreed
upon between the manufacturer and the purchaser.

89.4 Test specimens shall be machined to the form and
dimensions of the standard round 2-in. [50-mm] gage length
specimen shown in Fig. 6 of Test Methods and Definitions
A 370 and shall be tested in accordance with Test Methods and
Definitions A 370.

TABLE 9.1 Tensile Requirements

Tensile Strength,  Yield Point, Elcngation
min min in2in.

Grade Typa 150 1

ksi [MPa] ksi [MPal  min, %4
HF 18 Chromium, 9 Nickel 70 485 35 240 25
HH 25 Chromium, 12 Nicke! 75 815 35 240 10
Hi 28 Chromium, 15 Nicke! 70 485 3as 240 10
HiK 25 Chromium, 20 Nickel &5 450 5 240 10
HE 29 Chromium, 9 Nickel 85 585 40 275 9
HT 15 Chromium, 35 Nickel 65 450 4
HU 19 Chromium, 38 Nickel 65 450 4
HW 12 Chromium, 60 Nickel 60 415
HX 17 Chromium, 66 Nicke! 60 4185
HC 28 Chromium 55 380
HD 28 Chromium, & Nickel 75 515 35 240 8
HL 29 Chromium, 20 Nickel 65 450 35 240 10
HN 20 Chromium, 25 Nickel 63 435 8
HP 26 Chromium, 35 Nicke! 625 430 34 235 4.5

“When IC] test bars are used In tensile testing as provided for in this
specification, the gage length to reduced seclion diamester ratio shall be 4 10 1.

§9.5 Ifthe results of the mechanical tests for any heat do not
conform to the requirements specified, the castings may be
re-heat treated and re-tested, but may not be solution treated or
re-austenitized more than twice.

59.6 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted from the same heat.
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The American Society for Testing and Matenials takes no position respecting the validity of any patent rights asserted in connection
with any Hem mentioned in this standard. Users of this standard are expressly advised that determination of the validily of any such
patent fights, and the risk of infringermant of such rights, are enfirely their own responsibiliy.

This standard is subject to revision af any iime by the responsible technical committee and must be reviewed every five years and
i not revised, efther reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTN Headguarters. Your comments will recelve careful consideration at a meeling of the responsible
technical committee, which you may attend. If you feel that your comments have nof received a faic hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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THIELSCH ENGINEERING, INC., letters, inspection reports, analysis
reports and engineering reports apply only to the specific materials,
products, or processes tested, examined, surveyed, inspected or
calculated; and are not necessarily indicative of the qualities of apparently
identical or similar materials, products, or processes. The liability of
THIELSCH ENGINEERING, INC., with respect to the services rendered,
shall be limited to the amount of the consideration paid for such services,

and shall not include any consequential damage.
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